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754A Wapl a Day
Keeps the Sisters Apart:
Wapl and Cohesin Dynamics
Sister chromatids are held together by the cohesin
complex from the time they are made until cell divi-
sion. In recent articles published in Cell and Current
Biology, the characterization of Wapl, a newly iden-
tified cohesin-interacting protein, suggests that a
dynamic interaction between the cohesin complex
and chromatin is important for normal regulation of
sister chromatid cohesion.
Prior to eukaryotic cell division, the genome is dupli-
cated, and the two copies of each chromosome are
held together until the cell splits in two. This phenome-
non, referred to as ‘‘sister chromatid cohesion,’’ ensures
that chromosome partitioning is accurate in both mei-
otic and mitotic cells and plays an important role in
DNA repair. In metazoans, the impact of sister chroma-
tid cohesion is most easily visualized during entry into
mitosis. As chromosomes begin to condense, sister
chromatids are so closely associated that they cannot
be distinguished. As prophase continues, chromo-
somes further condense, and the chromosome arms re-
solve into two discrete, parallel structures. Eventually
arm cohesion is dissolved and chromatids remain held
together only at the centromere region, resulting in the
formation of an X-shaped mitotic chromosome.
Cohesion is established during DNA replication and is
mediated by a large, multisubunit complex called cohe-
sin. The cohesin complex binds to the chromatin in telo-
phase and remains associated throughout S phase, G2,
and into mitosis. In vertebrates, the bulk of cohesin is
removed from the chromosomes in prophase following
mitotic phosphorylation. Centromeric cohesin is resis-
tant to this removal and is only removed by regulated
proteolysis of one of its subunits at the metaphase-
anaphase transition. At this time, all remaining cohesin is
removed, and sister chromatids move to opposite poles
of the dividing cell (reviewed in Uhlmann, 2003).
The exact nature of the cohesin-DNA interaction
remains poorly understood, though several lines of evi-
dence suggest that cohesin is topologically entwinedwith the DNA (Ivanov and Nasmyth, 2005). Just how
such an arrangement would allow for passage of the
replication fork is not clear. One model predicts that
the interaction of the cohesin complex with DNA must
be dynamic until after replication, when cohesion is es-
tablished. Gerlich et al. have recently demonstrated the
presence of two pools of chromatin-associated cohesin
in interphase cells: a ‘‘fast’’ pool that is found through-
out interphase, and a ‘‘slow’’ pool of cohesin found
only during G2. These data suggested that something
happens to ‘‘lock’’ a fraction of the chromatin-associ-
ated cohesin onto chromosomes during or after DNA
replication (Gerlich et al., 2006). This pool may represent
cohesin that has ‘‘established’’ cohesion. Studies in
yeast have shown that cohesin can be detected on re-
gions of the chromosome distinct from the sites where
it is loaded, suggesting that cohesin ‘‘sliding’’ may con-
tribute to cohesin dynamics (Lengronne et al., 2004).
How might cohesin dynamics be controlled? Two new
papers describing the function of a protein called Wapl
provide some intriguing insight into this problem (Kueng
et al., 2006; Gandhi et al., 2006). Kueng et al. identified
Wapl based on its physical interaction with the cohesin
complex. Genetic experiments in Drosophila had sug-
gested previously that this protein plays a role in chro-
mosome structure and segregation (Dobie et al., 2001;
Verni et al., 2000), and experiments in mice had sug-
gested that Wapl overexpression could promote tumor-
igenesis (Oikawa et al., 2004). Wapl may be related to
Rad61p of the yeast, a protein with roles in DNA repair,
cohesion and chromosome segregation. Until now the
molecular function of the Wapl family of proteins has
largely been unstudied.
Both groups show that depletion of the Wapl protein
prevents the normal prophase removal of cohesin from
chromosome arms. This results in unusual mitotic chro-
mosomes in which sister chromatids remain poorly re-
solved even in metaphase (Figure 1). This increase in
the levels of arm-associated cohesin is not dependent
upon the proteins that normally protect centromeric
cohesin, nor is it due to disrupted regulation of the pro-
phase pathway for removal of arm-associated cohesin.
Interestingly, in Wapl-depleted cells anaphase proceeds
in a relatively normal fashion, suggesting that the ana-
phase pathway is able to remove this excess mitotic co-
hesin appropriately. How might Wapl depletion result in
Previews
755an increase in levels of mitotic cohesion? Kueng et al.
(2006) show that in interphase there is an overall in-
crease in chromatin-associated cohesin, and that the
residence time of the ‘‘fast’’ pool of cohesin is more
than doubled. For technical reasons it is difficult to de-
termine residence time for the stably bound cohesin in
G2, but the authors speculate that Wapl might similarly
affect the dynamics of this pool of cohesin as well.
What might Wapl be doing? The two groups have ar-
rived at different conclusions about the way in which
Wapl interacts with the cohesin complex. Kueng et al.
show that Wapl forms a subcomplex with the Pds5 sub-
unit of cohesin, a weakly associated subunit with seem-
ingly paradoxical properties (Losada et al., 2005). They
suggest that Pds5 and Wapl might work in opposition
to each other to regulate the association of cohesin
with chromosomes. In contrast, Gandhi et al. show
that Wapl can form a stable subcomplex with the Scc1
Figure 1. Wapl and Cohesin Dynamics
Cells with reduced levels of Wapl show changes in cohesin localiza-
tion and dynamics. In interphase nuclei, (green ovals, left) there is an
overall increase in the steady state levels of chromatin-associated
cohesin (blue dots), and the residence time of the dynamic pool of
cohesin is more than doubled from 8 to 18 min. In mitotic cells (right),
there is an increase in the amount of arm-associated cohesin on the
condensed chromosomes, and this corresponds to a failure to re-
solve sister chromatids in metaphase. Anaphase separation of sister
chromatids is delayed but appears normal.Developmental Cell 11, December, 2006 ª2006 Elsevier Inc. DOI 10.10
p97 Adaptor Choice Regulates
Organelle Biogenesis
The AAA protein p97 requires adaptor-like cofactors
for its numerous cellular functions. In this issue of
Developmental Cell, Uchiyama et al. (2006) identify
p37 as a p97 adaptor that is required constitutivelyand SA1 subunits of cohesin, and suggest that Wapl
might negatively regulate the acitivity of this subcom-
plex to prevent cohesin from reassociating with the
chromosomes following release. Further experiments
are needed to determine the in vivo relevance of these
different interactions. Both studies suggest that Wapl
works to drive cohesin off of the chromatin. The slower
dynamics of the cohesin-DNA interaction and the failure
to resolve sister chromatids in mitosis in cells lacking
Wapl suggest that Wapl can affect the level of cohesin
that has ‘‘established’’ cohesion, as well as that which
is only ‘‘chromatin associated.’’ It has been difficult to
understand the difference between these two classes
of cohesin. The identification of a regulatory protein
that is able to increase the level of established cohesion
may provide an important tool for improving our under-
standing of the molecular nature of this distinction.
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for ER and Golgi membrane fusion, analogous to the
mitotic membrane fusion role of the adaptor p47. Their
study suggests that related p97 adaptors involved in
similar cellular pathways can be subject to differential
regulation.
The AAA ATPase p97 has a remarkable spectrum of
cellular functions, most of which relate to the ubiquitin
